Bachground: Activating BRAF mutations are present in approximately 50% of melanomas. Although different downstream target genes of the most common mutant V600E have been identified, the contribution of activating BRAF mutations to malignant transformation needs further clarification.
Background
Activating mutations of the protooncogene BRAF have been observed in approximately fifty percent of malignant melanomas [1] . The V600E mutant accounting for over ninety percent of these mutations, obviates the requirement for segment phosphorylation of the T599 and S602 residues which is essential for a regular activation of BRAF [2, 3] . Thus, the BRAF V600E mutation leads to a continuous stimulation of the MAP kinase cascade which results in a variety of cellular changes such as proliferation and dedifferentiation [4] . However, the role of activating BRAF mutations with respect to course and stage of melanoma is still not defined. On the one hand, comparable incidence of activating BRAF mutations in invasive cutaneous melanomas and benign melanocytic nevi indicate that BRAF mutations alone are insufficient to cause malignant transformation [2, 3] . In addition, low frequency of BRAF mutations in radial growth phase melanomas, i.e. the early phase of melanoma progression, suggests a correlation with progression rather than initiation [5] . On the other hand, in patients with metastatic melanoma the presence of BRAF mutations is associated with a signifi-cantly poorer prognosis [6] . Moreover, introduction of BRAF V600E in melanocytes rendered them tumorigenic in nude mice [7] , while another group demonstrated that BRAF V600E expression in human melanocytes induced cell senescence leading to cell cycle arrest. Hence, additional mutations have to occur to overcome this cell cycle arrest and make the cells tumorigenic [8] . Various genes have been identified as possible targets of the RAS/RAF/MAP kinase pathway. In this regard, microarray gene expression profiling allows measuring the expression of a large number of genes at the same time and thus providing a method for predicting the impact of oncogenes on the expression of possible down stream target genes. For example, microarray analyses of transfected murine embryonic fibroblasts with oncogene expressing adenoviruses helped to identify complex genetic alterations caused by genes such as HRAS, MYC and the E2F family [9] . Similarly, using standard cDNA microarray chips, gene expression signatures were reported for malignant melanoma cell lines harboring mutations in the BRAF gene when compared to wild type cell lines [10] [11] [12] . In this study, we used customized microarrays to identify additional target genes of the constitutively active MAPK pathway. The BRAF V600E dependent expression of a newly identified potential effector gene, BAALC (brain and acute leukaemia, cytoplasmatic) was confirmed by real time PCR analyses in complimentary experiments in melanoma cell lines.
Materials and methods
Melanoma cell lines and cell culture 16 human malignant melanoma cell lines harbouring BRAF V600E mutations as well as 9 melanoma cell lines with activating RAS mutations and 5 human malignant melanoma cell lines without mutations in these genomic sections were cultured in RPMI 1640 medium supplemented with 10% fetal calf serum (Table 1 ). Prior to RNA isolation the presence or absence of the V600E mutation was confirmed by direct sequencing PCR amplicons of BRAF exon 15.
Gene expression analysis
Three melanoma cell lines (Mel2A, IF-6, FM88) with BRAF V600E mutation and three without this mutation (M26, MV3, M19) were examined by cDNA microarray analyses as described elsewhere [13] . In brief, total cellular RNA was isolated with the RNAeasy kit (QIAGEN, Hilden, Germany) and a subsequent DNase digestion was included. Hybridization probes were generated by indirect labeling with Cy3 and Cy5 dyes, using the CyScribe cDNA Post Labeling Kit RPN5660 (Amersham Biosciences Europe, Freiburg, Germany). All procedures were performed according to the manufacturer's instructions with 60 μg of RNA. Each experiment was performed as sandwich hybridization, i.e. instead of a cover slip a second microarray slide was used. The 4.6 K cDNA chips were generated by the group of M. Krause [http:// www.imt.uni-marburg.de (Research, Microarray Unit)] and contained the GF200 set of Research Genetics cDNAs. Fluorescence labeled cDNA was spotted in duplicates. A flip color experiment was included. Samples were hybridized to microarrays for 16 h at 55°C. Chips were scanned with a GMS 418 fluorescent scanner (MWG-Biotech), and the images were analyzed with IMAGENE 3.0 software.
Quantitative RT-PCR analyses for BAALC
Relative expression of BAALC was determined by real time PCR analyses in Sybr green technology using the comparative ΔΔC T method. Total RNA was isolated from approximately 3 × 10 6 cells of human melanoma cell lines or from 25 six μm thick kryosections of melanoma tissue samples. Samples of total RNA were subjected to reverse transcription. Primers for BAALC were designed with Primer Express software (Applied Biosystems, Weiterstadt, Germany) and read as following: sense 5'-AGC-CGC-CGC-CAG-AGC-CGA-CAG-3'; antisense 5'-GG-GAT-CCA-GTG-CCG-TGA-AGG-3'. For the evaluation of BAALC expression the thermal cycling conditions comprised an initial denaturation step at 95°C for 10 min, then 43 cycles of three-step PCR including 94°C for 30 sec, 60°C for 30 sec and 72°C for 40 sec. GAPDH (Applied Biosys- 
1 Respective cell lines possess neither a BRAF nor a RAS mutation 2 Listed cell lines are mutated for BRAF. The mutation is given in brackets. 3 Listed cell lines are mutated for RAS. The mutation is given in brackets. 4 the MaMel cell lines are short term biopsy-derived cell lines demonstrating strong concordance with the mutational status of the corresponding tissues [24] . 5 Cell lines are hemi-or homozygote for the respective mutation.
tems) served as endogenous control. The relative expression level of BAALC, normalized to GAPDH and relative to the randomly selected human melanoma cell line FM79 (BRAF wt/wt) was calculated as with ΔΔC T = (C T BAALC, sample -C T GAPDH, sample ) -(C T BAALC, FM79 -C T GAPDH, FM79 ). C T is defined as the cycle when the threshold level of fluorescence is reached.
Statistical analysis
In microarray analyses, the threshold value for up or down regulation of gene expression was defined as a more than two fold change compared to the mean value. Data of real time PCR studies were expressed as box-and-whiskers plot. Differences between the values were evaluated by Mann-Whitney test. p < 0.05 was considered to be significant.
Results and Discussion
Activating mutations of RAS and BRAF result in a constant activation of the MAP kinase pathway and eventually contribute to proliferation and dedifferentiation of cancer cells [2, 14] . Although numerous target genes of the RAS/ BRAF MAP-kinase pathway have been identified so far, the mechanism of action by which activated BRAF contributes to the malignant transformation of melanoma cells needs to be further elucidated. Therefore, we investigated gene expression of human melanoma cell lines harboring activating BRAF mutations (Mel2A, IF-6, FM88) by cDNA microarray analyses and compared their gene expression patterns to melanoma cell lines devoid of mutations in this genomic section (M26, MV3, M19). To this end, In BRAF V600E mutated cell lines a more than two fold decrease of 43 and increase of 39 gene products was detected (table 2) . Due to the limited number of cell lines used in the microarray experiments each candidate revealed by this analysis should be confirmed in analysis of larger numbers of samples. Only such confirmation assays ascertain the respective genes to be effected by activated BRAF. Nevertheless, the most interesting gene found by these analyses was BAALC (brain and acute leukaemia, cytoplasmatic), since (i) it was highest up-regulated in all three cell lines harboring BRAF mutations by an average of 11.25 fold and (ii) it was not yet described by other groups analyzing the effect of BRAF mutation on gene expression in melanoma [10] [11] [12] 15] . The latter, i.e. finding a prominent regulation of gene expression in one study but not in others, seems at first curious. However, it has been noticed that even when the same microarray chips are used, different results are obtained. The use of different expression pattern detection algorithms and labdependent differences were identified as source for such inconsistency. Lab-dependent differences include selection and treatment of samples to mRNA isolation, cDNA probe generation, chip hybridization conditions, chip lot and even the use of different chip scanners [16, 17] . These findings sustain the notion that confirmation assays are mandatory in order to confirm different regulated expression for genes detected by microarray analysis.
The product of the BAALC gene has been previously discussed to be involved in cell dedifferentiation and motility. In differentiated cells BAALC is almost exclusively expressed in the central nervous system and in other neuroectodermal derived tissues. Moreover, BAALC expression has been described for CD34 positive hematopoietic progenitor cells from the bone marrow [18] . Notably, loss of expression of BAALC during differentiation of hematopoietic progenitor cells suggests that it might function in sustaining an undifferentiated state of these cells [19, 20] . Interestingly, however, BAALC expression in both normal and malignant astrocytes is increased upon differentiation, suggesting complementary functions in different cell types [21] . Nevertheless, it has been postulated that a series of genes, frequently expressed in progenitor cells of the neuroectodermal and the haematopoietic system, maintain the proliferative capacity while inhibiting differentiation [22] and BAALC may belong to this group of genes. Recent studies performed in patients with leukaemic malignancies indeed suggest a role of BAALC in tumorigenesis. For example, blast cells from 28% of patients with acute myeloid leukaemia and 65% with acute lymphatic leukaemia displayed an overexpression of BAALC. In addition, high BAALC expression was identified as an independent risk factor in acute myeloid leukaemia [20] . The examination of 13 human tumor cell lines of nonhematopoietic origin, however, revealed BAALC expression in only five cell lines derived from glioblastoma while BAALC was not detectable in any of the other neoplastic cells indicating a specific function of BAALC in some tumors only [18] . Furthermore, the expression of BAALC in developing and mature muscle cells in mice suggests a possible role of BAALC in cell locomotion or adhesion [23] .
The distinct increase of BAALC expression in all three BRAF V600E mutated melanoma cell lines suggests a possible function of BAALC associated with activated BRAF mutations in melanoma and mediating cell dedifferentiation and motility. As mentioned before, complementary experiments using real time PCR analyses to measure the relative mRNA expression of BAALC have to be performed to confirm this correlation. To this end, BAALC expression was determined in 16 cell lines mutated for BRAF, 5 wild type BRAF melanoma cell lines as well as 9 melanoma cell lines in which the MAP kinase pathway was activated by RAS mutations. These analyses validated the first observations; BRAF V600E cell lines showed significantly (p < 0.01) elevated mRNA levels of BAALC (Fig. 1a) was also significant when compared to RAS mutated cell lines (Fig. 1a) . Importantly, most of the cell lines analyzed were short term cultures which should therefore resemble closely the parental tumor (table 1) . Our results are in accordance with previous published data demonstrating that only a portion of regulated genes in cell lines with BRAF or NRAS mutations are common among the different mutations [10, 11] . The different expression patterns might be ascribed to the differential capacity to receive input signals and to pass these on to various effectors.
In summary, BAALC may function as an additional mediator of activating BRAF mutations. Future studies will have to clarify its exact role in malignant transformation of melanocytic lesions.
Relative mRNA expression of BAALC (brain and acute leukaemia, cytoplasmatic) in human malignant melanoma cell lines as revealed by real time PCR Figure 1 Relative mRNA expression of BAALC (brain and acute leukaemia, cytoplasmatic) in human malignant melanoma cell lines as revealed by real time PCR. 16 melanoma cell lines harboring BRAF mutation were compared to 9 cell lines with RAS mutation and 5 without any mutation in these genes. (* p < 0.01). As calibrator served a wild type melanoma cell line.
